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(57) [5»] 

[8KB] /J>£Mt**WC*tK *»-3QBRC«ai*©JB 

I JB&^« 1 x 7 UK, Wii ©#11 
J: t) tiSJBJT*0«« (S?L) 1 2*H*ltfKcEW4 

■C^?L1 2ttlttjtetttt&C>C&KJ:Q*ttKl 3ZB 
nS(»jg). jMCC. K^-M^^^^^RI 1 4«c*j(,»T 




1 

[ if**. i] a)* 5 -t^©*** i . 

b) ±IS*i*tCii^k:ie?iJ$n/cJSS[©. *l*<f: WBUt 

c) ±IE*f*CC:tet,>T\ ±l2^Ja»T*M«©^Pi?ri^tt(C 
SW -2. C £ CC <fc «3 ff2f£ $ ft Sigjgffi <!: . 

nee J: o r s ft & c <t <t r £if **. i ecieas 

[If** 3] ±IBf 5*$r*B*i v HftJBttJCBWBT 
* 3 moXMic <£ r^fiS $ ft i, c t £#® i -r Sit* 

3i i ccie*s© 2 ^tc7 * h - v »maub5tevm. 
[ff**.4 3 ±ib^;*.5^b#. afiggstcw&ii; 

©<fc -T £1*339 1 CCfSlS© 2 ^tE7 * h =. v t>1fe£k%ft 

[If** 5 ] BttttCclRStt-S 3<I©kBCcJ: ^rffJ 
0E3ft*±Kf9X ±E»aa8*>6±E5IJB 
»r^««©?ij© 4 m m tcW* h ft & C £ * 4$« t -r -5 If 
**4 CCiEft© 2 * h - y jrffiAX&dttflk 

[mm 6] a)X5 -7Vi<D*W t , 
b)±BE*#rt tCRW ?> ft/c 2 &±<D*«ISttiti i . 

©ftftSB^i. 

d) ^SINM«««rt CC *s t >T ±IEJH1St mm®<D>KM*1& 
SJrMcRWeftSigi&Bg.!:. 

^d^.SCi?r^Fi!t<»:-rS2^7c7=r h - ? 
[ If** 7 ] ±f Ettifc©**!^! i£©# * tcR W 6 ft 

fc*tt^ie© ^ %<D'pt£ <.thi pjg-r s 2 <!« 
#ti i -r -5 is** 6 cciatg© 2 *te^ * (--^asu^ 
[ if** 8 ] Mvmmm mm*ff>& iKmthti 

fcj&tfcKK© 5 %©4>& < <!: & 1 oAi. gSig-f •£> 2 <I© 
£Tr£lf**7CCfSt£©2#7c:7* I- 

[ is**. 9 ] ±&mkommffl&<o& * jcrw ft 

fcj£tfcKK©5 •&©*!>*< £4> 1 HftJfcWcKlf 
C££^M£^£IS**7CCfE*S©2;&7C7* V-v* 
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[is**. i o ] ±iE«ft©aHMfftRtt©& * (ckw 6 

ft/c.^^RS©^ 5©4>ft < t *> 1 o*S t ®&8SCC^tf 

^e^ccKs-r 3 <i©^rkc <fc -5 rfl5sx$ft s * 7 
* $ *rs r* s c t zmk t ? s if mm i icia«g© 2 * 

[a*in] jS*g«cci^-r£3fi©^Rifcj;or 

fmmmm<Dn<D 4 w bkki^ & n * c i *«« i r 4 

10 If *s 1 0 «C|S*S© 2 7 * h - 9 i»ISft*»^« 

So 

[ff*31 1 2 ] ±ffi«®«f*«tt©$«tt. ^#©- 
jjOWfrh *(*©J1^© 5%~40%©®H©gP5}-CC ©^g 

1 ~ 1 1 ©i>t* ft*^cte«©2 ^jc7 * h - v zi&ikft 
[if** 1 3 ] ±izmmtiTmwm>mft-ifi*fcv>m& 

©20%~305fC&4Ci?r#i!(i-rSlf*]ll 2 CCtEtS© 

20 [if am i 4 ] ±iaj!js*r«tiroitf. ^ tMf 

*©fit»«*C**Ci*««i"S-SIII*3Bl-l 3© 
tvrftfrtciEtt© 2 ^7C>- * h r. i»*Sfl3tfl^jft«. 
[If *S 1 5 ] ±ffififfl*r*««#3g?lr* 5Ci4 

^sti-r sif*^ i 4 «:tE»g© 2 y:7c^ * f- - v t>m& 

\mm 1 6 ] ±SB»®9r*««©KB**. *»5C^ 
?L*g»* ft tK. J: f3 ft £ F + -M^RST* 4 

30 [at**. i 7 ] JiiEM®Sf^M«(©^i!i*5, _kie^?i 

<fc <5 4>S©** t »£?L4K W 4 C i CC «k 0 ^ § ft 4 T 
^•fe^i?^Fir'*>-2>Ci?:#m<t-r-2.lf**l 5CCIE 

mo 2 ^tc7 * h - v *i&8db&'g8m. 

[0 00 1 ] 

i'CCffl l ft S *^«E'5 s -'< A X CCH -T -5) . 
[0002] 

;U*--CC*tL.-t-^*> VHm*:&1&r&. ^©eJS 

+ v y'lmm s ft -s c t tmm-cib z> . 

[0003] 7*hr-9 ^^©SSffl*^f$3ft-2»^Sf 

©-«4ot. ^^©^H^Bxoic-f^o immcto 

L^T. Se^©7feB#^-fl)^M^S; (Optical Time Division 
Multiplexing : OraOtCftft^T, ^fi7>Sd^*^^ 
(Wavelength Division Multiplexing : WDM)*^fflC^6ft 
50 r(^„ C©WDMCi. -*©ejHS§cc«^©^s©^>& 



(3) 

3 

[ooo4] co&.&ftm&m.tttcte^xiz, e^ss 

5>i£S. &£t,>tt$S7 -f ->b£#S;£:<g4ft£„ 
#$114 It. 3»KrttT U^W»S»B*f«W-CArraved 
Wavequide Grating : AWQ*^li6tl"CC>S. 0* 

0. Awcre«ffi^©>g&&*/B^4©-c\ *©m5fe%/h 10 
3 <-r.B **>«:. *tt^tt»c^^ojt«aJ*«c*tt* 

[0 00 5] -cc-e, y* r-^ISfijfcfcfifcSfVw 
X£±IB#&SRtf^$g4 0TfflUSC4CCj:^ ± 

3e#»«©/Jn3M t* isci § nt t » * cm 

«. ««B2001-272555^«(C8atS. «T. 1 

y^+©x*;U^-(C*fi6r*ift«BB©5%. AR1*£ 
[0006] »tMW«UdB*TOB€tttt. 

■e©aftcc±gB.^Ri%ja^]K:sw*i«. ft$g© 
3fej«*awrt*fiatL. -e©i*j©. £AP§©*JsiJSi&$! 

K-Sr^S«SflWl£0**»*^BtC««3tl*. ^©* 

«ie»{c-a-4-4«fio**^i«36»67* r -9**s 

[0007] ^iesso^iftsgi or©? * h - v i>m 
SK « . 2 ^TcfeS A 2> t, > « 3 ^Tctsu* m I- > & C 4 ifi 

-e-©M#K-eti^n#s^*S3t)^ ttr-c«. 

l**Sa*f* 4 ^ 4 © A t ttflWr*©*** * 4 ©t? % * 
4Mia^r(SjtC>Ptl/-CB1i;c«6SC<!:*s-C*5. 40 
[0 00 8] ±tefi£*^5R l tCfct^T . inGaAsR*6J?5c 

?l© 1 n*m <-ct x-%Mm& iu 3 h cc^ft < 4 & 
4-r?.c4r-^ps*^AL/r. **i*#ft«s£ o/ct§ 

[0 00 9] *4lCC ctn«. e»S-Bfct>*©«fiCt 
Si^S^©U'4-3-C*-5l.55/im)K-^t?1+t:tST-^[a 
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0.29a4-TS, -?-©5 *> 1 <B©na?L©¥S ; Sr0.56a4-r 
•SC4(cJ:«3. «ctCj^K«»0r«. T£4. *© 

3©3fc*jK»f 3 C©B#©Qffi«*5<fc-?-5004ft&, > 
CC-C. ffiftftNRtt&i2. #©JB8»Ka/cCc«:*ia) 

*m-Tffit?*«J. QfB*5A&^«4«S^tg4>jg< ft 
S„ Sfc. HI©R*3m©¥@£ 0.56a. S'J© 1<1©R 
tt?L©¥a* 0 . 58a4 . A£ 3 ©lift 5 «£fc©.£ AH * 

j&£o/ct§-&. *n-en«^ki§^^ 0 .2729Si>'o.27 

694, $S©Sft&2«©3£*Jft8t3*l£,, *©B#©Q 

Ittl>fntfeJ:^ 5004 ft &„ 
[0010] 

mtmm 1 stfcu-c 2 * h - » 

sr. Qfittco^-cas^So ±fBts#&an 
«:*jt,^ro(ii«fecfc-?-5oo-c«)-5.o c©{fi#>6. i&BA© 

i.55iaii»©ift«ccteW4±iB*ft«»o«ES 

SCOJtHfitCfflHiftiftKt*. ^S^^#g**iJ:*0.8n 
mWT. QfiS%te<fc-€-20oofcl±«:OftWti«ft6ftc^ fi£ 

HA 0T. jS*B*»A*SCAKJ:^rfflifi#fiJ'MD 
*© x * ;l/=^- ©»^3&sif A-T S C 4 Dm*, hti 2>. 
[0 0 1 1 ] 2^E®©>tffllJ©ffi*6©*3t;*Bl»3HJ-r 
Aubtc* XPB{c±T*«IWt*» A-T 4 C 4 ** S 
3t^Wl). S/c. n^©^RS*6HX*3W3tiS^« 
*MB*r*S*J. ^SP©3fe^4S^$-tf?,C4ftA© 

*CT. <B^*mOWr/t«6(c*^R5CCBrt^r|fij©# 
»»5lt*i*ASftiC4#«*4. 0*0. *ARS©^*t 
f*f4 fcQ(S*sffiT-r S MB 4 ft £ . 

[0012] *m*i<zt.<D£.*>tmM*m$k-?z>tcib< l c 
Bifir*o. *-3Qfit©iSt». Tft<5%^©iSi^^ 

^ftS*»4CACC*4. S/c. ±T**HWt**A0 

t#-5CA4>gW4-T-2.o 
[0013] 

[s^^-rsfc*©^] ±SE»ja*»^-rsfc«?) 
mtorn i ©^#©^©«. 

a) X-5-7'«©*tt:4. 

b) ±fB$:«:tCjl}«WKE??lJ§ti/ca^©. *^4»®»f 
^©^ft€»M^4. 
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[0 0 14] *fc. *«W(C«S2^Ctc7 * h 
Silc^^S©^ 2 ©S&j$©fe©tt. 

b)±e*ftrt«:iw* 6 n/c 2 &±<ommmmt . 

0*attWMW**i«:4i<,>r. SKMfftttt&cJtttSA 
JHT?J9*IflK#Wce9J3ftfc**©. *ft£t2IB*r* 
©g&a^Jgi. 10 

[0015] 

[mm<Dmmcomm] *-r. as i ©ttatconrwwr 

i£2S©:$<*<hftS. C©*f*tc. #&±«li#r*©g& 20 
^>§It|ii^)SIR5Kl5CiSg-rS 0 C©j9XBrottSJ9*T*ttJft 

■e©faHrt©i^^*'- ; £^'0*5&|?iE3#^:< T-So 

■r&fe%. **iK»it*siteff©#B#f**ji*«-.5 

[0016] SJUf^^««. 0 6IB8t¥©{&1> 

4>©Rs>'ii5c^©©ii-rn-e*o-cfej;c^ — flSfC, * 
f*i 0TttJSflT^©m4mam>6nsc£#^i>© 

^S©A5tt^®JR©*>6fc§g-C*S. 30 
[0017] Etc. fiH«f*««il/T:«. #&J:«3 4> 

U ^C^{C?L*gaWfc?£W©*>©-Cfe f&g© 

# s S&/a#T*©<&^fcmr&£fc«?>. *{*<!:©®#r*M 

[0018] «T. J?fflfr*M«^g3ft*mTO 

in* a. ^.^.©ia^Jtoras^©^^ 40 

SW&t©T*5. 

[0019] C©«fc5&HJ»tt*WrS7* h-y 

B B B KfcoT, i <i©ts^-*©SJi»f*««(c^RS4ig:w 

-**aWtCH5E-r*CiK«fc"D. C©JBI8tt©ati*> 

n. *©»aE3&j«pstiat»*(*«ti«:*«E>?¥a3&»a'iFS*i* 
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[002 0] ±ffi©J: Mc. HJS#T*MiS( ; &£?L£ Lfc 
*§1^> *©^RIib-C«. S?L**#©«Jlf-ca*fc*> 
©. Ttetih. ^©te^£tc£?L£t£Wfcl,>4>©, ASS 

M^RSt?*0. £?L©&£*#< U/cfc©«Ti>-te7'£ 
[0 02 1 ] CCT. F1--mXf(k£Tt> •fzvumxK 

iRWfctt? **S&ttJS*BW&§fS3£©MK:<J: 0 

nfcss*^«« (tST-*) © i (!©nm**^&s*> 

©i-TSCi(cj:»)^J«Sti*. R***«tt©«Hfj& 
©R*¥J:9fc?*lHB«cLfc*>©*K:J--a$*. m> 

K, M6 froyfam-Cft m 3 fife*** tc fflfflOTK: £?L£ 
4t>S*PBtt. *©tfHf-«&©8fW£*S« J; «3 

i *©?t©a*^* <nciB, -e©t&^-*©sm* 
[0022] mm&mm)^ mm%<D&mc& 

5. BWST*2^±©14M4^£T*c£K:J:o 

r, i ffl©f^a©**6fiR4*«£ »m©#tt*J# 

o^»*0js«-4. lffl©*frfj5©**»6J5fc4fc 
IB* r**l6j iDf^t. S6*J»Bl{ciBl8Sti-ci»*^ 

Pitt. c©*xpgr*s. *ti(c»L-r. *^?8©* 
i vumx-mmrzx.mt. mm-tzzmuisom-* 

[0 02 3] c©J;^&lf*S(c*jc^r. Hl©^7^^ 

mm. cmM&fr h <omh . * 4 1 » «*{*©^^^a^ 

4©-'N-5^-$?:®WK:a:S-r-2)C4KJ:0, J^^X^ 
^PfiJcJ; d7^*> f*> ^tCBFfa©^!! 
$fi*ifS)ESn4. fU, i*?£88&jljfi-r £*!*©$ 
^©^©•5.-^. ^PS*ne©x*JU**-«:Wl£-r4iSfi© 
*©*36*^RBttB«:*jt>r^«B-ri. ^ffibfc^tt^* 

h-?d»*«©ffie*iaiK*tB3n4. »?«©«*©* 

tcj: or. *ffi!«a©i*;u¥-*®WcjM^ttJ:t>„ 
[0 024] 2fflfct±©^K*ie«K«:E«iyrj|5«L. 



C5) 

7 

<owm<»wt*m h n s . 
[0025] i> zxmmw<<cw&-jj!ft<D}mfo& 

5#©ffi;fc*#>^K:TSe&*iT?S*. 

x. & tc&b<D-ft& t L T t*. #<*©— #©H#> 6#{*©J¥ 

JfflffTO«©fcH<fc 6*1*. ^©JI«&© 

i5Hibr«. *&£©<£*>«:. 5%~40%. ^6C20~30%AS 

[0026] *xrs©*§-^ *<mw>cwm.-nfa io 

<WjWS*#iSKB, ±IB© <fc 5 iC#t&T*CC*jW 

te^>6^^7X£:Wlcc:fttT. ^•©2-3©ts^- 
jS©*IBO-Mi«:±gE»fP (-#©ffitc©*filB*r*« 
inlaws) £*foT6<J:l>„ 
[002 7 ] CC£r«#&g£Lr©ft;fll£j£^;fc 

HHa©x # ^-CCfcf Jt.-r £ifcB©:*:£ ? 7 X ^Rg© 

^g^ftSo 20 
[002 8] *fr?Mi©fflBrt>E5»J0«JI&5 2 fflfcLh© * 

^x£AP§£ieg-f SCiicJ^T. SttS2»&lh© 

fifi©**^jS-r 4 C <!: S„ 
[0 029 ] ^5C. I2©iSK:ouriSitS. Mil 

©««tc*jor . KB*KW4#^ *©«»**«*£ 

x. S C £ CC J; rft&mt 3#©i£6£^x. S C 

#?r*<J-c* 9 . ^PS <h 0 r B-e<DM4^W &t > <t c > 5 
K^-M^liasWfUr&SCifc^fc. b;fr>U C© 
i^ftFt-SMBB. £?1©&£A£ <-T-SCi(CJ: 30 
»J«fiSSti4T^-fe^*S!50iJ:i)«>ififi«<t©a*lS 
#y>&l>. C*i«, Ti'-fe7 - ^^|5S-C«^?L©A#S 
?rfi.&iC^ffc$ti:6Ci^r-#-5,©iC*fL-C, F^-M 

xmxmic^&ttwm's-cMzbztcv-c&'o , *© 
<t: s &gffc©eaa*i&i,»fc«>-c**. ±ae*^©» 

CCJ: 0 . *tifc^*n4»^©ax«IB«©»»** 
x4ii^afig(i4D5*s. **i-ct>SSlS©«ttR 
6<Vtl,>-5„ K^--M^5-X^^Rg(CfcW.5C©ct i 5^ 

#IW§©»2©»«ccj:oTfl?*3*i£. -eti 40 

[0030] ##gnj©gi2 ©mst*. xfcicmmftmm 

Blt;»©««Ccfl>WS. C©««**W»«Wi 

[0031] mmmmmmt. o hm^m<Di&^ 
mmztiz era**, mi-c&z) ci*Scto»SL 

l>i(,Ojfitt. JBl©JBWira«-C*S. 50 
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[0 03 2] £^»««*»l/T#*ail3H*. 

■r-s/cfefc. ±fE^*ii^«©^-r?rai-5«?egs*^ 1 

©»WiH««:jgBKri. ;*e>fc. ±££«M««W©g- 
*«c#£8UB©.£tf^B*JBfifrr.S. rj±i«^aiJ it* 
±fB©»«3. Hi©tS^*©**^fi£-5^Hi, 
«©IW«-r*j^^dB-Cl«fiR3ft*i'-5^*^fi8i4dtf 

mB&&#3V* £ <fc 5 &C 0 Tis < „ Sot, nfl©^$l| 
[0 03 3] S«W^«J«(CfeW-5S®#f*^©ie9»J 

mm t *«^Rs «. ^-^ig-r & 3fc©«fi«:a*is i, t ske 

fe. S3tL/fcS«S0^«*l!{«©S®»f^«©ie5>JJa»i 

«^©^^Xdf^:K?:fiESL-C4><tCi 0 ?7^^ffi 
KB* 1 ©JBW©«<r©^B*sttflPI*8-Cft4. 

[0034] *«M©*2©««tt. ^tc mtomm 
e se^A^ < -r s i i» 5 aftt? pais $ tifc i©-c* & 

*i. C©^fiSa(*«r^-fe-7-$MK:€>afflT-2>C<!:*Jt? 
*. *tlK«F*©ipJ*^o 0 -r&t>%. lffl©tfr?-* 
©^?LS%^<-rSCifC«t»5^3tlSri'-fe7^ 
SL*^RS=Srfflt>-CS& €, 2 »W±©jftfi©*4»^« L 
i^if-Stt^. «e*BltSc©***rtKS©a!Q:S«» 

K. **W©»2©«W**!fai«:j8ffl-r-5ci*s-c# 
■5. -T^to^, A^^^MWIHJAtc. ^ig-r'S*©^ 
Stem b tgfj: 4fe^J«W-CS)S*f *^=feiBSt 

v&tmmmmmic&m-r *r zm&wm ©^ * 

[0 03 5] 

mW<D%^ ±IB^l©S§ti©?7X^^R|4^AT 
6C i(C<fco-C. 1 ll©^*©*^?>^5.*^RI*flB 

CciO. ^BB©fflHK:*iWS«3ai/B*r*^*<a:»J. 5fc 
©BBCC*jai***|fij± , i-iCttc«fc4. ±T#^t 



C6) 



[0036] ±!5J& 2 (omwiomte^T-ammzmAir * 
seizor, v-r-m.i'^^.^f&immLtcm^ 
tcfc^r^, ^©^©^^ifc-rsiss©^^ 

ofiitj, i mm<Dmm<D^^mt & •? *t-??m 
WitTZM yzmxmctt ux i>mhic&m?z ct& io 

[0 0 3 7] 

US$SA=1.55Mm©^i!§£#*.;rct§£\ X=>7\ 1 
CC « ^ tl { C *t L T 3t W & I nGaAs P£ ffl t- > £ C <t # "C £ 

HfttS^tcgg^L 1 2*i2L/c«a|«r^i/r(,^*s. -?-© 
[0 0 3 8] mmS 13«, 01 ©**KD^Enr^L/c 

ajf,l . a [ 1 
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<!: Starr 3. 
[0 0 3 9 ] 12 1 «:*Jt»-C«3tS^*4*«{)fc K^-S 
st.t>Km<DM%ml<tci)K ^©ffiKk. a2iC^"T 

£0 02 tctt. «^jS*2~3«a«&fc*B^©»fiS*jn 

£*7***Rfc?Iilir*S. t&^.££3ffllli&;fci§£ 
CCO(,ir»3ffiO©«fiS*^L/ri>S. C©5%, ^pg 

iter*, fcfc. 0 2tcmt$3©fc&KtS^j±u (i/cW 

fc. 

[0 040] (l-2)7fe^i6-C# 5Ci ©KB 

^©*«c h*^- ^Btcior^Bii^^sns* 
£5*»*W"«a. fO^SilT, 2^7c¥ffi^MPaffi 

[0041] w-mmmmmttt. rnmmftia&fsmmm 

■Wilt*- K***. Si. «»»©v*;* 
[0 04 2] 

[til ] 



_a [ 1 ag, i _a_ r 1 bha 

dx [tr(r) dx J + dy U(r) dy J 



as* 



(1) 



itftSftS,, CCT'6)tt7lc©£ii§l!)|St. H, =H, (x,y, 
co)«ffirt{C*jW^,z*[Sj©5eW(H,. H,{*0). dXftMX 



[0 04 3] 
[^2] 



(2) 



fc/cU k«-^^^ h;bt?*f3, aSiMtS^ ★(k,G)OCOt<>r»< i, 
^h;U-Cab^>„ S/c, «(G)RO*h(k,G)«*n^4aMg3 [0 04 4] 

^(fc+G )-(fc+G?' )«(«_ o-)ft(fc^) = (-) 2 ft(*, 0 ) (3) 
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^mcU^2'-X7i.y * h~ •> d^HtettOT. TE*-F 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical multiplexer and 
demultiplexer which can be downsized and has high efficiency and 
Q value. 

SOLUTION: Two dimensional photonic crystal is made by placing 
an area 1 2 (a hole) of lower refractive index than the material of a 
body 1 1 in the slab body 1 1 cyclically. A waveguide 13 is formed by 
preventing the hole 12 from being set on the straight. A donor- 
typed cluster defect 14 is formed by preventing the hole 12 from 
being set at more than two lattice points in a place adjoining the 
waveguide 13. With such a structure, only a specific wavelength 
light among light transmitting the waveguide 13 resonates in the 
donor- typed cluster defect 1 4, captured and released outside 
(demultiplex), while in the donor-typed cluster defect 14 only the 
specific wavelength light is cast from outside into the waveguide 13 
(multiplex). 




LEGAL STATUS 

[Date of request for examination] 18.07.2002 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 3459827 

[Date of registration] 08.08.2003 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiners 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAF8ayOjDA415279764Pl.htm 



6/3/2005 



JP,2003-279764,A [CLAIMS] _ Page 1 of 2 

* NOTICES * 

JFO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a) A slab-like body and two or more bodies periodically arranged by the b above-mentioned body are 
the two-dimensional photograph nick crystall-luminescence part multiplexing machine characterized by to have 
the field where refractive indexes differ, the waveguide formed in the c above-mentioned body by preparing the 
defect of the above-mentioned different refractive-index field in a line, and the cluster defect which is 
established near the d above-mentioned waveguide, and which is formed of two or more adjoining defects. 
[Claim 2] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 1 characterized by forming the above-mentioned cluster defect of two adjoining defects. 
[Claim 3] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 1 characterized by forming the above-mentioned cluster defect of three defects which adjoin in the shape 
of a triangle. 

[Claim 4] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 1 characterized by being formed of three defects in which the above-mentioned cluster defect adjoins in 
the shape of [ parallel to waveguide ] a straight line. 

[Claim 5] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 4 characterized by preparing the above-mentioned cluster defect formed of three defects which adjoin in 
the shape of a straight line from the above-mentioned waveguide in eye 4 of the train of the above-mentioned 
different refractive-index field trains. 

[Claim 6] a) [ in a slab-like body, two or more forbidden-band fields prepared in the b above-mentioned body, 
and c each forbidden-band field ] The field where a refractive index differs from two or more bodies 
periodically arranged by the body a different period for every forbidden-band field, d) Waveguide prepared so 
that it may be formed by establishing the defect of the above-mentioned different refractive-index field in each 
forbidden-band field at a line and may pass through all forbidden-band fields, e) Two-dimensional photograph 
nick crystall luminescence part multiplexing machine characterized by having the punctiform defect established 
near the above-mentioned waveguide in each forbidden-band field. 

[Claim 7] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 6 characterized by at least one of the punctiform defects prepared in each of two or more above- 
mentioned forbidden-band fields being the cluster defect formed of two or more adjoining defects. 
[Claim 8] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 7 characterized by at least one of the punctiform defects prepared in each of two or more above- 
mentioned forbidden-band fields being the cluster defect formed of two adjoining defects. 
[Claim 9] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 7 characterized by at least one of the punctiform defects prepared in each of two or more above- 
mentioned forbidden-band fields being the cluster defect formed of three defects which adjoin in the shape of a 
triangle. 

[Claim 10] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 7 characterized by being the cluster defect formed of three defects in which at least one of the punctiform 
defects prepared in each of two or more above-mentioned forbidden-band fields adjoins in the shape of 
[ parallel to waveguide ] a straight line. 

[Claim 11] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 10 characterized by preparing the above-mentioned cluster defect formed of three defects which adjoin in 
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the shape of a straight line from the above-mentioned waveguide in eye 4 of the train of the above-mentioned 
different refractive-index field trains. 

[Claim 12] The defect of the above-mentioned different refractive-index field is a two-dimensional photograph 
nick crystall luminescence part multiplexing machine according to claim 1 to 1 1 characterized by establishing a 
different refractive-index field only in the part of 5% - 40% of range of the thickness of a body from one field of 
a body. 

[Claim 13] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 12 characterized by the thickness of the above-mentioned different refractive-index field being 20% - 
30% of the thickness of a body. 

[Claim 14] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 1 to 13 with which the above-mentioned different refractive-index field is characterized by being the field 
where a refractive index is lower than a body. 

[Claim 15] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 14 characterized by the above-mentioned low refractive-index field being a hole. 

[Claim 16] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 15 characterized by the defect of the above-mentioned different refractive-index field being a donor mold 
defect formed by not establishing a hole in a body. 

[Claim 17] The two-dimensional photograph nick crystall luminescence part multiplexing machine according to 
claim 15 characterized by the defect of the above-mentioned different refractive-index field being an acceptor 
mold defect formed by preparing the hole where a path is larger than the above-mentioned hole. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical part multiplexing device used for wavelength 

division light multiplex communication etc. 

[0002] 

[Description of the Prior Art] In recent years, the photograph nick crystal attracts attention as an optical new 
device. A photograph nick crystal is an optical functional material with periodic refractive-index distribution, 
and band structure is formed to the energy of a photon. It is the description that the energy field (photograph 
nick band gap) whose propagation of light becomes impossible especially is formed. 

[0003] The field of optical communication is taken up as an example of the field from which application of a 
photograph nick crystal is expected. In optical communication, wavelength division multiplexing (Wavelength 
Division Multiplexing : WDM) is used instead of the conventional light-hour division multiplex system 
(Optical Time Division Multiplexing : OTDM). This WDM is a communication mode which one transmission 
line is made to spread the light of two or more wavelength, and puts a separate signal on each. By this, the 
amount of information which can be transmitted to unit time amount improves by leaps and bounds. 
[0004] In this wavelength division multiplexing, the light of each wavelength is mixed by the entrance side of a 
transmission line, and the mixed light is taken out for every wavelength by the outlet side. Therefore, the 
multiplexing machine and splitter, or wavelength filter of light is needed. Among these, as a splitter, the array 
waveguide diffraction grating (Arrayed Waveguide Grating : AWG) is used in the present condition. However, 
since the usual waveguide is used in AWG, in order to make loss of light small, in the present condition, the 
comparatively big component of several cm angle extent is used. 

[0005] Then, attaining the miniaturization of the above-mentioned splitter is examined by using the device 
which consists of a photograph nick crystal as the above-mentioned splitter and a multiplexing machine (it 
indicates to JP,2001-272555,A.). Hereafter, it considers as the conventional technique 1. . The splitter which 
changes from a photograph nick crystal to below is described briefly. By introducing a defect suitable during a 
photograph nick crystal, the energy level (defective level) by this defect is formed into the above-mentioned 
photograph nick band gap. By this, the existence only of the light of the wavelength corresponding to the 
energy of defective level is attained among the wavelength range corresponding to the energy in the above- 
mentioned photograph nick band gap. If the above-mentioned defect under crystal is made into a line, it will 
become optical waveguide, and it will become an optical resonator if the defect under crystal is made into 
punctiform. 

[0006] If the above-mentioned waveguide is prepared during a photograph nick crystal and the above- 
mentioned point defect is appropriately prepared in the near, the light of various wavelength will spread the 
inside of waveguide, and only the light of the wavelength which is in agreement with the resonance frequency 
of a point defect of them will be captured by the point defect. If the light is taken out, it will become the splitter 
of desired wavelength. On the contrary, if the light of the wavelength which is in agreement with resonance 
frequency is introduced in a photograph nick crystal from a point defect and the inside of waveguide is made to 
spread together with the light of other various wavelength, it will become the multiplexing machine of desired 
wavelength. 

[0007] A two-dimensional crystal or a three-dimension crystal can be used for the photograph nick crystal as a 
splitter and a multiplexing machine. Although the both have the features, respectively, below, a two- 
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dimensional crystal with comparatively easy creation is described. As a two-dimensional photograph nick 
crystal, since a field and the difference of the big refractive index of the body of a crystal and air tend (the field 
direct direction) to cross at right angles, light can be shut up to the field direct direction. 
[0008] In the above-mentioned conventional technique 1, the cylinder hole of the same diameter is periodically 
opened in the slab which consists of InGaAsP, it considers as optical waveguide by closing one train of the 
cylinder hole, a defect is introduced by differing the diameter of at least one cylinder hole from the diameter of 
other cylinder holes further, and the case where it is made into an optical resonator is examined. 
[0009] According to it, a lattice constant a is set up according to the wavelength (1.55 micrometers which is one 
of the wavelength ranges generally used to wavelength division light multiplex communication in the above- 
mentioned example) of light to make it spread. And the radius of a cylinder hole established at each lattice point 
is set to 0.29a. A point defect is formed there by setting the radius of one cylinder hole to 0.56a among those. 
Then, the light of normalized radiam frequency f= 0.273 is emitted to the field right above down of slab from 
the point defect. The Q value at this time is set to about 500. Here, with normalized radiam frequency, the 
frequency of light is multiplied by a/c (c is the velocity of light), and it considers as a non-dimension, so that Q 
value is a value which shows the effectiveness of a resonator and Q value is large — wavelength — resolution 
also becomes high. Moreover, when two or more point defects in which magnitude differs the radius of 0.56a 
and one another cylinder hole from 0.58a in the radius of one cylinder hole are formed, two sorts of light in 
which 0.2729 and 0.2769 differ [ normalized radiam frequency ] from wavelength, respectively is emitted. Each 
Q value at that time is set to about 500. 
[0010] 

[Problem(s) to be Solved by the Invention] Although it is shown that a two-dimensional photograph nick crystal 
can be used as an optical separator in the above-mentioned conventional technique 1 as stated in the top, it is 
necessary to make it improve further in respect of the following about the engine performance obtained there. 
First, Q value is described. In the above-mentioned conventional technique 1, Q value is about 500. the 
wavelength of the optical resonator in the light of this value to the wavelength lambda — resolution is called for 
by lambda/Q. for example, the wavelength of the above-mentioned optical resonator in the wavelength of 1.55- 
micrometer band — resolution is set to about 3nm. however — in order to use for the optical communication of 
high density wavelength division multiplexing — wavelength — resolution must be made to about 0.8nm or less, 
and Q value must be made or more into about 2000. It is possible that loss of the luminous energy to the field 
direct direction increases by introducing a point defect as a failure factor over raising Q value in the 
conventional technique 1. 

[001 1] Vertical asymmetry may be introduced into a point defect in order to take out light only from the field of 
one side of a two-dimensional side (conventional technique 1). Moreover, although the light taken out from a 
circular point defect did not polarize, the light which carried out the linearly polarized light may be called for 
for the purpose, such as making it combine with external optical system. Then, in order to take out a 
polarization wave, the asymmetry of field inboard may be introduced into a point defect. However, the 
asymmetry of a point defect also becomes the cause that Q value falls. 

[0012] It is in obtaining an optical part multiplexing machine with high effectiveness highly [ Q value ] that this 
invention can be accomplished in order to solve such a technical problem, and the place made into the purpose 
can be miniaturized. Moreover, also when you obtain the case where vertical asymmetry is introduced, and a 
polarization wave, also let it be the purpose to obtain an optical part multiplexing machine with high 
effectiveness. 
[0013] 

[Means for Solving the Problem] The thing of the 1st mode of the two-dimensional photograph nick cry stall 
luminescence part multiplexing machine concerning this invention accomplished in order to solve the above- 
mentioned technical problem a) In the field where a slab-like body differs in a refractive index from two or 
more bodies periodically arranged by the b above-mentioned body, and the c above-mentioned body It is 
characterized by having the waveguide formed by preparing the defect of the above-mentioned different 
refractive-index field in a line, and the cluster defect which is established near the d above-mentioned 
waveguide and which is formed of two or more adjoining defects. 

[0014] Moreover, the thing of the 2nd mode of the two-dimensional photograph nick crystall luminescence part 
multiplexing machine concerning this invention a) [ in a slab-like body, two or more forbidden-band fields 
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prepared in the b above-mentioned body, and c each forbidden-band field ] The field where a refractive index 
differs from two or more bodies periodically arranged by the body a different period for every forbidden-band 
field, d) It is formed by establishing the defect of the above-mentioned different refractive-index field in each 
forbidden-band field at a line, and is characterized by having the waveguide prepared so that it may pass 
through all forbidden-band fields, and the punctiform defect established near the above-mentioned waveguide in 
e each forbidden-band field. 
[0015] 

[Embodiment of the Invention] First, the 1st mode is explained. Compared with the magnitude of field inboard, 
the slab whose thickness is a sufficiently thin plate serves as a body of the two-dimensional photograph nick 
crystall luminescence part multiplexing machine of this invention. The field where a refractive index differs 
from a body on this body is arranged periodically. A photograph nick band gap is formed of existence of this 
periodic different refractive-index field, and it carries out by not making light with the energy within the limits 
of it exist. That is, the light of the wavelength range corresponding to it cannot pass a body. 
[0016] Different refractive-index fields may be any of the thing which has a refractive index lower than a body, 
and a high thing. Generally, since the quality of the material with a refractive index high as a body is used in 
many cases, it is easy also from the point of ingredient selection to use the thing of the quality of the material 
with a refractive index low as a different refractive-index field. 

[0017] Furthermore, as a low refractive-index field, what embedded the matter with a refractive index lower 
than a body in the body may be used, and only what only opened the hole in the body may be used. In the case 
of the latter, air serves as the above-mentioned different refractive-index field. In practice, since air is the 
quality of the material with the lowest refractive index, it is advantageous at the point that a refractive-index 
difference with a body can be enlarged. Moreover, it is easier to only prepare a hole rather than a manufacture 
top also embeds other matter. 

[0018] Hereafter, the periodic point that a different refractive-index field is arranged is called the lattice point. 
Although various gestalten can be considered as an array of the lattice point, the shape of the shape of a 
tetragonal lattice or a triangular grid etc. is typical, for example. 

[0019] In the photograph nick crystal which has such periodicity, periodicity is disturbed there by preparing a 
defect in the different refractive-index field of the one lattice point. By setting up the parameter of a defect 
appropriately, defective level is formed into a photograph nick band gap from turbulence of this periodicity, and 
the point that existence of light is allowed into the body with which existence of light is not allowed arises. This 
is called a point defect. By preparing such a defect in a line, the waveguide which light may pass can be formed 
into a body. This is called a line defect. The configuration of a line defect may have the shape of not only the 
shape of a straight line but the letter of crookedness, or a curve. Moreover, the width of face of a line defect 
may be a part for 1 of the train of the lattice point train, and may be a part for two or more trains. 
[0020] As mentioned above, when a different refractive-index field is made into a hole, as the defect, what 
filled the hole with the matter of a body, i.e., thing ** which does not prepare a hole at the lattice point, is the 
most convenient. Of course, what enlarged the path of the hole serves as a defect. It is the donor mold defect 
which does not prepare a hole at the lattice point, and it is the acceptor mold defect which enlarged the path of a 
hole. 

[0021] Here, a donor mold defect and an acceptor mold defect are explained. Although the refractive index 
explains in this invention since it is aimed at light including infrared radiation and ultraviolet rays, generally a 
photograph nick crystal is formed of the difference of a periodic dielectric constant. Therefore, a defect is 
formed into a body by differing the dielectric constant of one piece of the different dielectric constant field 
(lattice point) arranged periodically. What made what made the dielectric constant the value higher than the 
dielectric constant of the usual lattice point the donor mold defect and the low value is called an acceptor mold 
defect. As mentioned above, since the defect in which a hole is periodically arranged in the body produced by a 
certain matter, and a hole is established in one of points [ them ], and there is nothing to them (it buries by the 
body matter) is making the dielectric constant of the lattice point higher than air, it is a donor mold defect. On 
the contrary, since it is making the dielectric constant of the lattice point low, it is an acceptor mold defect to 
enlarge the path of the hole of one point. 

[0022] With the defect which consists only of the one lattice point, a defect with the property of another ** is 
formed by making the two or more adjoining lattice points which are near the waveguide among different 
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refractive-index fields into a defect. Henceforth, the defect which consists only of the one lattice point is called 
a "point defect." The defect indicated by the conventional technique 1 is this point defect. The defect used in the 
1st mode of the invention in this application to it is a defect formed of the two or more adjoining lattice points. 
This is called a "cluster defect." Moreover, a "point defect" and a "cluster defect" are generically called a 
"punctiform defect." This is used in the 2nd below-mentioned mode. 

[0023] In such a configuration, desired defective level is formed into a photograph nick band gap of a cluster 
defect by setting up appropriately parameters, such as the number of the lattice point contained in one cluster 
defect, a location (distance from waveguide) of an array and a cluster defect, or the lattice constant a of a body. 
And only the light of the wavelength corresponding to the energy of defective level resonates in a defective 
location among the light of various wavelength which passes waveguide. The light which resonated is emitted 
in the field direct direction of a photograph nick crystal. What is necessary is just to choose the energy of 
defective level appropriately by adjusting the above-mentioned various parameters, in order to obtain the light 
of desired wavelength. 

[0024] In the case of the cluster defect which has arranged two or more defects in the shape of a straight line, 
and formed them, polarization of the cross direction of a cluster defect is acquired in a defective location. 
[0025] If the asymmetry of the field direct direction is conferred upon the configuration of a cluster defect, the 
output of the light to which a two-dimensional photograph nick crystal is outputted up and down can be made 
unsymmetrical. As an approach for conferring asymmetry, how to make it into the defect of a different 
refractive-index field can be considered by establishing a different refractive-index field in a part of thickness of 
a body from one field of a body. As range of the thickness, 20 - 30% is especially desirable 5% to 40% like the 
after-mentioned. 

[0026] In order to confer the asymmetry of the field direct direction upon the configuration in the case of a 
cluster defect, it is not necessary to depend on the asymmetry in each lattice point as mentioned above. For 
example, the above-mentioned actuation (a low refractive-index field is established only in one field) may be 
carried out to one middle point of the two lattice points to the cluster defect which changes from the two 
adjoining lattice points. 

[0027] Although the operation as a splitter was described so far, the above-mentioned configuration can also be 
used as a multiplexing machine. If the light of the wavelength corresponding to the energy of defective level is 
introduced into the location of a cluster defect, it will be multiplexed in the light of the above-mentioned 
wavelength by the light which flows waveguide. 

[0028] By arranging two or more cluster defects in which the number and the array of the lattice point differ 
from each other, part multiplexing of the light of two or more sorts of different wavelength can also be carried 
out. 

[0029] Next, the 2nd mode is explained. In the 1st mode, by changing the number of the lattice point and 
arrangement which establish a defect showed that the wavelength of the light which carries out part 
multiplexing was changeable. And it was said that a hole is advantageous as a different refractive-index field, 
and the donor mold defect in which the hole is not prepared as a defect is advantageous. However, such a donor 
mold defect has few degrees of freedom of wavelength change than the acceptor mold defect formed by 
enlarging the path of a hole. It is because a donor mold defect only buries the lattice point by the body matter to 
the ability of this to change the magnitude of a hole to arbitration by the acceptor mold defect and there is no 
degree of freedom of such change. Although the degree of freedom of changing the number of the lattice points 
contained in it by using a donor mold defect as a cluster type according to the 1st mode of above-mentioned this 
invention or the gestalt of arrangement is produced, the width of face of a degree of freedom is still restricted. 
Such a problem in a donor mold cluster defect is solved by the 2nd mode of this invention. It is described in 
detail below. 

[0030] In case the 2nd mode of this invention allots a different refractive-index field to a body, it divides a body 
into the field of the same number as the number of the classes of wavelength which carries out part 
multiplexing. Henceforth, this field is called a forbidden-band field. And the above-mentioned different 
refractive-index field is arranged a different array period for every forbidden-band field. 
[0031] The point that it is desirable being formed of the quality of the material with a refractive index lower 
than a body as for a different refractive-index field, and what is formed of air (that is, it is a hole) is more 
desirable is the same as that of the 1st mode. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/3/2005 



JP,2003-279764,A [DETAILED DESCRIPTION] Page 5 of 9 



[0032] In order to pass light through each forbidden-band field and to multiplex, the waveguide passing through 
all the above-mentioned forbidden-band fields is formed like the 1st mode. Furthermore, the punctiform defect 
for part multiplexing is formed in each of the above-mentioned forbidden-band field. A "punctiform defect" 
includes the point defect which consists only of the one lattice point, and the cluster defect which consists of 
point defects which plurality adjoins as above-mentioned. It is made for the punctiform defects prepared in each 
forbidden-band field to differ in resonant wavelength mutually. Therefore, the two-dimensional photograph nick 
crystall luminescence part multiplexing machine which consists of n forbidden-band fields carries out part 
multiplexing of the light of n kinds of wavelength. Thus, the structure which prepared two or more forbidden- 
band fields is called terrorism structure to one two-dimensional photograph nick crystal into a field. 
[0033] The array period and punctiform defect of a different refractive-index field in each forbidden-band field 
are set up corresponding to the wavelength of the light which carries out part multiplexing. Also let the ratio of 
the different refractive-index area size for every forbidden-band field be the same ratio as the array period of the 
different refractive-index field for every set-up forbidden-band field. If the cluster defect of the same 
configuration as each forbidden-band field is arranged, each cluster defect will carry out part multiplexing of 
the different wavelength by the difference in the array period of the different refractive-index field for every 
forbidden-band field. Of course, the cluster defect of the different number of the lattice points for every 
forbidden -band field or a configuration may be arranged. To a cluster defect, the various defects of the 1st mode 
are usable. 

[0034] Although developed for the purpose of especially the 2nd mode of this invention enlarging a degree of 
freedom in the case of the donor mold defect in which the hole which is the periodic structure of a body is not 
prepared, this configuration itself can be applied also to an acceptor mold, and it has an advantage peculiar to it. 
That is, although two or more holes where paths differ were conventionally introduced in the body of one sheet 
when it was going to carry out part multiplexing of the light of two or more sorts of different wavelength using 
the acceptor mold point defect formed by enlarging the diameter of a hole of the one lattice point, there was a 
problem that Q value fell by this. In order to avoid the fall of this Q value, the 2nd mode of this invention is 
suitably applicable. That is, a different refractive-index field is arranged an array period which is different to a 
different forbidden-band field corresponding to the wavelength of the light which carries out part multiplexing. 
Also let the ratio of the different refractive-index area size for every forbidden-band field, and magnitude of the 
acceptor mold point defect arranged for every forbidden-band field be the same ratios as the ratio of the array 
period of the different refractive-index field for every set-up forbidden-band field. Thereby, it becomes possible 
to carry out part multiplexing of the light of two or more wavelength, without causing the fall of Q value. 
[0035] 

[Effect of the Invention] By introducing the cluster defect of the 1st mode of the above, a splitter and a 
multiplexing machine with Q value higher than the case where the point defect which consists only of the one 
lattice point is used can be obtained. This is because the effective refractive index in the perimeter of a defect 
becomes high, light shuts up and effectiveness improves by forming a cluster defect. Moreover, also when 
obtaining the case where vertical asymmetry is introduced, and a polarization wave, an optical part multiplexing 
machine with high effectiveness can be obtained. 

[0036] By introducing terrorism structure into the field of the 2nd mode of the above, when a donor mold 
cluster defect is used, each wavelength at the time of carrying out part multiplexing of the light of two or more 
wavelength can be set up with a high degree of freedom. Moreover, the Q value at that time is hardly different 
from the Q value of the photograph nick crystal which carries out part multiplexing of the light of one kind of 
wavelength. If the 2nd mode is constituted using the donor mold cluster defect with high Q value of the 1st 
mode, the equipment which has high Q value and carries out part multiplexing of the wavelength of light can be 
produced comparatively easily. Moreover, the 2nd mode is effectively applicable also to an acceptor mold 
defect. 
[0037] 

[Example] (1) the 1st voice ~ example (l-l)****[ like ] - first — the 1st voice - take up a two-dimensional 
photograph nick crystal as typically shown in drawing 1 as an example [ like ]. It is the slab (body) 1 1 which 
was expressed with tabular to drawing 1 . When the infrared radiation with a wavelength of lambda= 1.55 
micrometers used for optical communication is considered, transparent InGaAsP can be used for slab 1 1 to it. 
As with a circle [ white ] shows there, the hole 12 which is a different refractive-index field (low refractive- 
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index field) is arranged periodically. Although drawing 1 shows the example which allotted the hole 12 in the 
shape of a triangular grid, various tetragonal lattice-like etc. arrangement can be considered. 
[0038] Waveguide 13 is formed by not establishing a hole in a line continuously in the part shown by the arrow 
head of the continuous line of drawing 1 . The donor mold cluster defect 14 is formed by not preparing a hole in 
the part furthermore shown by the white arrow head at two or more lattice points. On drawing, since it is 
expressed that the lattice point which consists of holes was buried by the body matter, below, it may express 
constituting a donor mold cluster defect, saying "The lattice point is buried." 

[0039] Although the example of the donor mold cluster defect in which the 3 lattice points were buried in 
drawing 1 was shown, the configuration of various donor mold cluster defects as shown in drawing 2 can be 
considered. The configuration at the time of burying the 2-3 lattice points was shown in drawing 2 . Although 
not shown in drawing, the donor mold cluster defect in which the 4 or more lattice points were buried is also 
possible. Three kinds of configurations are shown about the case where the three lattice points are buried. 
Among these, what is located in a line on a "triangle-like defect" and a straight line in that to which the three 
lattice points which constitute a defect are located in a line with a triangle will be called a "straight-line-like 
defect." In addition, the donor mold defect (donor mold point defect) which consists of the one lattice point for 
a comparison was also shown in drawing 2 . 

[0040] (1-2) Confirm whether part multiplexing of the light can actually be carried out by the check above- 
mentioned configuration of being able to part[ optical ]-multiplex. Therefore, the wavelength range of the light 
in the photograph nick band gap which waveguide lets pass is investigated first, and it investigates whether 
next, defective level is formed of a donor mold defect into the wavelength range of the light. As the means, the 
analysis technique called a two-dimensional plane wave unfolding technique was used. 
[0041] A plane wave unfolding technique is an approach of expressing the light which spreads the space in 
which dielectric constant distribution has periodic structure as composition of a plane wave. Considering the TE 
mode to which electric field vibrate to field inboard, and a field vibrates in the field direct direction, an equation 
is [0042] about a field like the electromagnetic method of a maxwell. 
[Equation 1] 



d_ 

dx 



i dH A 



tr(r) dx 



It is expressed. The field (Hx, HyO) of the direction of z [ can set omega to the angular frequency of light and / 
Hz=Hz / (x y, omega) ] within a field and c are the velocity of light here. Moreover, epsilonr (r) expresses a 
periodic dielectric constant here. When the fourier expansion into series of the epsilonr (r) is carried out and Hz 
(x y, omega) is developed by Bloch's theorem, it is [0043], respectively. 
[Equation 2] 

—7-x = £/c(o)exp{jG.r} 
€ r(r) V 

H,(x,u>) = EM*^)«p{j(fc+G)-r} (2) 
a 

It becomes. However, k is a wave number vector and G is reciprocal vectors. Moreover, kappa (G) and h (k, G) 
are expansion coefficients, respectively. It is [0044], when a formula (2) is substituted for a formula (1) and it 
solves about h (k, G) to G of arbitration. 
[Equation 3] 

£(fc+G Hfc+G' )«(<*- *)h{h,a>) = (-Y h{h,a) (3) 

It becomes. Therefore, if specific wave number vector k is given, 2 will be calculated as characteristic value 
(omega/c) and a corresponding frequency, i.e., corresponding energy, will become settled. Photograph nick 
band structure is calculated by asking for the frequency omega corresponding to various wave number vector k. 
[0045] The result of having calculated the frequency domain which spreads waveguide about the TE mode is 
shown in drawing 3 to the two-dimensional photograph nick crystal which has waveguide first and does not 
have a point defect using a formula (3). In addition, the right figure of drawing 3 expands a part of left figure. 
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From drawing 3 , although two trapped modes, zero-order mode (black dot in drawing) and the primary mode 
(this ****), can be spread, it is thought from balance with the system of that it is a single mode and the exterior 
that the zero-order mode is more efficient. Moreover, rather than the continuous line described as the "traffic 
line" all over drawing, it combines with the mode which has the same wave number within a field on the same 
frequency which exists in free space, the light by the side of a RF begins to leak in the vertical direction, and 
propagation effectiveness falls. As mentioned above, the light of the range of normalized radiam frequency 
0.267-0.280 shown in the right figure of drawing 3 as the black dot and the thin continuous line is considered to 
spread the waveguide concerned most efficiently. What is necessary is in other words just to determine a lattice 
constant a that the frequency of a desired light will go into the range of normalized radiam frequency 0.267- 
0.280. For example, when InGaAsP is used as the quality of the material of a body and it calculates as a thing 
using light with a wavelength of 1.55 micrometers, a lattice constant a is understood [ 0.42-0.43 micrometers, 
then ] are good from the range of the above-mentioned normalized radiam frequency. 

[0046] Defective level was calculated, respectively about the cluster defect buried what buried the two lattice 
points among the defects shown in drawing 2 , and the three shape of the shape of a triangle, and a straight line. 
Moreover, it calculated also about the donor mold point defect which buried only the one lattice point for the 
comparison. Those results are shown in drawing 4 - drawing 7 . First, in the case of the donor mold point defect 
which is an example of a comparison, since defective level is not formed like drawing 4 between frequency- 
domain 0.267 c/a which spreads the above-mentioned waveguide - 0.280 c/a (an available frequency region is 
called henceforth), it cannot use as a part multiplexing machine. 

[0047] In the case of the cluster defect which buried the two adjoining lattice points to it, since only one 
defective level is formed in an available frequency region like drawing 5 , it can use as a part multiplexing 
machine. Like [ in the case of the cluster defect which buried the three lattice points in the shape of a triangle ] 
drawing 6 , the defective level which is at the normalized-radiam-frequency 0.268 neighborhood although two 
or more formation is carried out has single defective level in an available frequency region, and since spacing 
with the defective level by the side of a RF is separated from it enough, it can use as a part multiplexing 
machine. In the case of the cluster defect which buried the three lattice points in the shape of [ parallel to 
waveguide ] a straight line, since only one defective level is formed in an available frequency region like 
drawing 7 , it can use as a part multiplexing machine. 

[0048] When the two adjoining lattice points when it became clear that it can use as a part multiplexing 
machine in the above are buried, and the three lattice points are buried in the shape of a triangle, the result of 
having calculated electromagnetic-field distribution is shown in drawing 8 and drawing 9 about the case where 
the three lattice points are buried in the shape of [ parallel to waveguide ] a straight line. In this drawing, an 
arrow head shows the electric field vector of a direction parallel to a drawing, and the shade of a color shows 
the amplitude of the field of a direction perpendicular to a drawing. When the two lattice points are buried, and 
when the three lattice points are buried in the shape of a straight line, the light which resonates in the defect 
concerned is the mode which is spread in the buried lattice point train. Moreover, it is thought that the electric 
field of a direction perpendicular to the buried lattice point train are strong, and have a property near the linearly 
polarized light. Resonance mode which is spread toward each top-most vertices on the other hand from a 
triangular center of gravity when the three lattice points are buried in the shape of a triangle is shown, the 
symmetric property of electromagnetic-field distribution is high, and when polarizability is the above- 
mentioned two, it is thought that it is not [ like ] large. 

[0049] (1-3) Q value was calculated about calculation of Q value, next three cases taken up in the last 
paragraph. At that time, frequency dependent [ in near defective level ] was calculated about the reinforcement 
of the electromagnetic wave emitted using the time domain finite difference method (KS.Yee, "IEEE 
Trans.Antennas Propagat." AP-14 volume 302 - 307 pages) by the algorithm of Yee, and Q value was 
calculated from the peak intensity and full width at half maximum. 

[0050] The Q value in a two-dimensional photograph nick crystal is decided by Qs showing association with Qp 
showing association with a point defect and waveguide, and a point defect and the exterior (outside of a field). 
Among these, Qp is decided by distance of a point defect and waveguide. Then, in order to investigate the 
difference in the Q value by the class of point defect, the distance of a point defect and waveguide was first 
assumed to be infinite, and it calculated about Qs. Consequently, it was set to Qs=5215, when the two lattice 
points were buried, Qs=1354 and the three lattice points were buried in the shape of a triangle and Qs=2529 and 
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the three lattice points were buried in the shape of a straight line. On the other hand, it was 924 when Qs was 
similarly calculated about the acceptor mold point defect of the conventional technique 1. 
[0051] Consequently, it is expected that the Q value of a donor mold cluster defect will improve rather than that 
of an acceptor mold point defect, and the case where the three lattice points are buried in the shape of a straight 
line also especially in it is most expected to become high for Q value. Then, the result of having searched for 
the distance dependency between point defect-waveguides of Qs and Qp is shown in drawing 10 about the case 
where the three lattice points are buried in the shape of a straight line. The axis of abscissa of drawing 10 
expresses the distance of the train and waveguide which buried the lattice point in the shape of a straight line by 
making the number of the trains of a hole into a unit here. Since Q value is calculated by 1/Q=l/Qs+1/Qp using 
Qs and Qp, Q value is calculated like drawing 1 1 from drawing 10 . Q value is set to 2012-4666, and its each is 
improving more sharply than Q value -500 of the conventional technique 1. 

[0052] According to drawing 1 1 , Q value becomes large as the distance of a point defect and waveguide 
increases. However, since the light which reaches a point defect decreases in the case of a splitter, and the light 
which reaches waveguide will decrease when it is a multiplexing machine if the distance becomes large too 
much, as a part multiplexing machine, it is inconvenient. Then, in consideration of the balance of Q value and 
an exchange of the light between point defect-waveguides, it is necessary to choose the above-mentioned 
distance appropriately. It is thought at the time of Qp=Qs that it is the most efficient. The case where eye four 
trains has a point defect by the number of hole trains from waveguide is the closest to this condition than 
drawing 12 R> 2. 

[0053] Although the effectiveness as a part multiplexing machine was considered in the last paragraph, it is 
intentionally large in Qp, and if Qs is made small, it can also use as a wavelength detection device which takes 
out slightly the light of specific wavelength which flows waveguide, and carries out a monitor. 
[0054] (1-4) As the polarization property (1-2) described, when the two lattice points are buried, and when the 
three lattice points are buried in the shape of a straight line, it is expected that the linearly polarized light nature 
of emission light will be high. Then, the polarization property of emission light was calculated about the case 
where the three lattice points are buried in the shape of a straight line. The result is shown in drawing 13 . The 
axis of abscissa of drawing 13 is the include angle of the field inboard to the train of the buried lattice point, and 
an axis of ordinate corresponds to the amplitude of the light in the include angle. In the direction whose above- 
mentioned include angle is 0 degree, the amplitude is almost set to 0 and the amplitude becomes max in the 
direction whose above-mentioned include angle is 90 degrees. That is, it turns out that it is polarizing in a 
direction perpendicular to the train of the buried lattice point strongly. 

[0055] (1-5) The point defect was made into the vertical symmetry in the field direct direction beyond control of 
the vertical output rate in a donor mold cluster defect. That is, the case where all the matter of a low refractive 
index in the 1 lattice point was buried was considered. In this case, light is emitted for the vertical direction of a 
field from a point defect. 

[0056] Here, it calculated about the case where vertical asymmetry like drawing 14 is put into the configuration 
of a donor mold cluster defect. The example of drawing 14 sets thickness of a body to 0.6a, buries the three 
lattice points in the shape of a straight line, and opens the hole of radius r=0.29a and depth h (<0.6a) in the 
middle (two places) of each buried lattice point. The count result about the relation between h/a and a vertical 
power ratio of having standardized the depth with the lattice constant is shown in drawing 15 . Asymmetry is 
looked at by the up-and-down output of a defect in the range of h/a (0.05-0.4) shown in this drawing. It turns 
out that about 2 or so-time vertical power ratio is especially obtained for h/a in 0.2-0.4. Moreover, the relation 
between h/a and Q value is shown in drawing 16 . Although the fall of Q value was seen in the field where a 
vertical power ratio is large, Q value higher than the conventional technique 1 was still obtained. 
[0057] (2) As an example of the 2nd mode of an example of the 2nd mode, the example of a configuration of 
terrorism structure is shown in drawing 17 into a field. This drawing expresses terrorism structure into the field 
which consists of two forbidden-band fields. Bordering on the alternate long and short dash line of the center of 
drawing, the crystal whose array period of a hole (low refractive-index matter) is al, and the crystal this period 
of whose is a2 are joined and constituted. Hereafter, the 1st forbidden-band field and an array period call [ an 
array period ] the forbidden-band field of a2 the 2nd forbidden-band field for the forbidden-band field of al. 
The diameter of a hole [ in / for the diameter of the hole in the 1st forbidden-band field / bl and the 2nd 
forbidden-band field ] is set to b2. The waveguide of the both sides of an alternate long and short dash line is 
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placed neatly on the same straight line. The donor mold cluster defect of the same configuration as the 1st 
forbidden-band field and the 2nd forbidden-band field is formed. In the above configuration, al/a2 and bl/b2 
are made equal. Since the magnitude of a donor mold cluster defect is decided by the array period of a hole, its 
ratio of the magnitude of the donor mold cluster defect of the 1st forbidden-band field and the magnitude of the 
donor mold cluster defect of the 2nd forbidden-band field donor mold cluster defect is also equal to al/a2. 
[0058] In addition, although the example of a donor mold cluster defect was shown here, an acceptor mold point 
defect as shown in drawing 18 is sufficient as a point defect. In this case, one acceptor mold point defect of a 
diameter cl is prepared in the 1st forbidden -band field, and one acceptor mold point defect of a diameter c2 is 
prepared in the 2nd forbidden-band field. All of al /l / cl [ b2 and ]/c2 are made equal. [ a2 and bl ] 
[0059] When al and a2 were equal about the structure of drawing 17 and drawing 18 , and al was larger than a2 
1%, Q value was calculated about the case where al is smaller than a2 1%. The difference in **1% and a total 
of 2% of structure is equivalent to the difference in a 30nm resonance wavelength in 1.5 5 -micrometer band 
here. It was referred to as bl=0.29al, b2=0.29a2, cl=0.54al, and c2=0.54a2 in this count. The count result of Q 
value is shown in drawing 19 . In drawing 17 and drawing 18 , (l-a2/al) was defined as structure rate of 
change, and it was used by them. When a donor mold cluster defect is used, Q value is set to 2885-2891, and 
the sufficiently big value is acquired. When an acceptor mold point defect was used, the value comparable as 
the Q value of the two-dimensional photograph nick crystal of the acceptor mold of the conventional technique 
1 was acquired. The fall of the big Q value by the difference in structure is not seen. 
[0060] (3) the 1st and 2nd voice of this invention — about the manufacture approach of the example two- 
dimensional photograph nick crystal of the manufacture approach of a two-dimensional photograph nick crystal 
[ like ], the manufacture approach in the case of using air as low refractive-index matter is indicated by [0037] - 
[0044] of JP,2001-272555,A about the above-mentioned conventional technique 1. First, the approach is 
explained briefly (see the above-mentioned official report for details). On a substrate, the crystal of the quality 
of the material of the slab used as a body is grown up, and slab is formed. InGaAsP can be used for the quality 
of the material of slab when the wavelength range of the target light is a 1.5 5 -micrometer band. By applying a 
photoresist on the field of slab and irradiating an electron ray, the low refractive-index matter and the pattern 
corresponding to an acceptor mold point defect are drawn. The low refractive-index matter and an acceptor 
mold point defect are formed by carrying out vapor etching of the field. 

[0061] In manufacturing the two-dimensional photograph nick crystal of the 1st mode of this invention, in case 
a pattern is drawn, in the above-mentioned manufacture approach, it introduces a donor mold cluster defect into 
the part which arranges a donor mold cluster defect by not irradiating an electron ray. Moreover, what is 
necessary is just to draw the pattern corresponding to it, also when introducing terrorism structure into the field 
of the 2nd mode of this invention. 
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